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Immediate pigment darkening (IPD) was induced on 
the backs of 11 human volunteers of skin types III and 
IV by exposing the skin to UVA radiation (382 nm). The 
minimum erythema dose (MED) of UVB radiation was 
also determined by exposing sites to graduated doses of 
304 nm radiation. The order of exposure of distinct 
anatomic areas was as follow: (1) UVB followed by IPD 
induction; (2) IPD induction followed by UVB; (3) IPD 
induction followed 3 h later by UVB; and (4) UVB only. 
Erythema responses induced by UVB were graded by 
inspection 24 h later and the MEDs in the 4 areas were 
compared. The induction of IPD before UVB exposure 
caused no significant change in the MED compared to 
sites r eceiving UVB only, or receiving UVA radiation 
after UVB, confirming that the IPD reaction does not 
protect against UVB-induced erythema. There was also 
no evidence of photorecovery, i.e., an increase in the 
MED of UVB resulting from exposure to longer wave-
length, UV or visible radiation following UVB exposure. 
Immediate pigment darkenin g (IPD) was first described by 
H ausser [1] in 1938. The phenomenon consists of darkening of 
s kin following exposure to long-wave ultraviolet or visible ra-
diation (320- 700 nm) [2], and is most conspicuous in individ-
ua ls who have more melanin in t heir skin a nd tan well. During 
exposure to UV A, t he distribution of melanosomes within epi-
dermal keratinocytes cha nges [3,4]. In exposed areas, t he me-
lanosome complexes a re clispersed throughout the cell and 
become located near t he cell periphery, while in unexposed skin 
t he melanosomes form a supranuclear cap around the nucleus. 
Mela nosomes within melanocytes a lso move from the center of 
t he cell to t he periphery, including t he dendri tes. Transfer of 
melanosomes fro m melanocytes to t he keratinocyte may occur 
afte r irradiation , but there appears to be no cha nge in the total 
number of melanosomes during t he IPD phenomenon. During 
induction of IPD, mela nin may a lso undergo photooxidation 
leading to semiqui none- like free radicals in t he melanin mole-
cule [5]. 
Ca reful evaluation of IPD is problematic due to difficulties 
with visual quantification of pigment, the short time course of 
t he response, a nd wide individua l response variations. It is not 
known whether lPD is of physiologic significance. Previous 
s tudies have not demonstrated photoprotection by IPD [6] . 
However, a n effect could have been obscured since t he racliation 
used to induce IPD contributed to t he erythema response which 
was employed as t he end point. In t he present study, a long 
wavelength within t he UV A region (382 nm, ha lf bandwidth 10 
nm) was used to induce IPD, s ince this spectra l region is at 
least an order of magnitude less erythemogenic than shorter 
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UV A wavelengths [7], and the contribution to the erythema 
response was therefore minimized. Subjects of mainly skin 
types III and IV were used s ince IPD could be readily induced 
in these inclividuals. 
UVB erythema dose thresholds were measured by exposing 
subjects immediately after the induction of IPD, and then 3 h 
later. These minimum erythema doses (MEDs) were compared 
with those in adjacent skin in which there was no IPD, and in 
an area in which IPD was induced after UVB exposure. This 
was done to control for any inaccuracies that might result from 
visual evaluation of erythema in conjunction with IPD. 
MATERIALS AND METHODS 
Eleven consenting and paid subjects of skin type Ill or IV partici-
pated in the study. They were between the ages of 18 and 44 , with no 
history of dermatosis, no current medical problems, and were taking 
no medications. The experiment was performed on the lower back of 
each subject. 
The source of UV radiation was a 5000-W Xe-Hg DC compact arc 
lamp in an Optical Radiation Corporation V -4500 housing. This was 
optically matched to an f/2.0 Jobin Yvon HL300 holographic grating 
monochromator to obtain radiation at wavelengths 304 nm and 382 
nm. This source employs an on-axis, ellipitcal, electro-formed mirror 
and a spectrally selective, dielectric folding mirror to deliver an ex-
tremely high spectrally fil tered irradiance to the monochromator en-
trance slit. Quartz field lenses were used to project a uniform rea l image 
of the monochromator exit sli t onto t he skin sites. 
lrradiance measurements were made with an Eppley thermopile and 
a Keithley 1508 microvoltmeter. At least 4 irradiance measurements 
were taken in each field site to ensure uniform irradiance within a 
range of± 10% before each set of exposures. At 304 nm the irradiance 
was 0.6 mW /cm2, and at 382 nm 3 mW /cm2 . When the system was 
used to produce radiation at 304 nm, the in tegrated stray spectral 
radiation was estimated at < 10-5 m W jcm2• For 382 nm radiation, an 
optical glass absorption filter (Schott WG-345) was in terposed in t he 
beam to ensure t hat the in tegrated stray radiation in the shorte r UV 
region was biologically negligible (< 10-8 mW /cm2). 
An 8 x 4 em area of skin was marked out on the back of each subject. 
This area was then divided into 3 equal areas designated site 1, site 2, 
and site 3 (see T able 1). The MED of UVB (304 nm, half bandwidth 6 
nm) was determined in site 1. The lowest dose used was chosen as a 
function of the volunteer's skin type, and a geometric series of 10 doses 
was given using increments of 25%. Each site was 0.5 x 1 em in size. 
IPD was then induced over the entire area by exposure to 40 J /cm2 
of 382 nm radiation (half bandwidth 10 nm) . This required approxi-
mately 220 min, and caused readily visible darkening without erythema 
in every subject. Immediate ly afte rwards, a second UVB MED deter-
mination was performed on site 2. Three hours later a third determi-
nation was performed on site 3. A further control UVB MED deter-
mination was performed outside the area in which IPD was induced, 
and was designated site 4. 
The exposure sites were observed at 24 h and 7 days. The lowest 
exposure dose which resulted in minimum erythema filling the irradia-
tion site with clear margins at 24 h was defined as t he MED. 
Results were t hen analyzed and a paired t-test for correlated data 
pairs with small sample size and unknown population variance was 
used to test the significance of differences observed between the MEDs 
in any pair of sites. 
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RESULTS 
Clearly visible IPD was induced in every subject by UV A 
(382 nm) exposure and was still present at 3 h. The response 
had largely faded by 24 h . UVB MED values (mJ/cm2 ) at 24 h 
in each site for each subject are shown in Table II. No s ignifi-
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TABLE l. Sequence of exposures in sites 1-4 
Site 1 Site 2 Site 3 Site 4 
304 nm 
382 nm 382 nm 382 nm 
304 nm 
3 h 
304 nm 304 nm 
cant differences were present between the MED values in any 
pair of sites (p > .05) . MED values in sites irradiated immedi-
ately (site 2) or 3 h (site 3) after the induction of IPD did not 
differ significantly from the MED either in the control site 
without IPD induction (site 4), or in the control site with IPD 
induction following UVB exposure (site 1). Furthermore, the 
mean MED values in the 2 control sites did not differ signifi-
cantly from each other. After 7 days, those areas in which the 
UVB exposure had reached the MED dose showed pigmenta-
tion (delayed tanning without erythema). Intervening areas 
exposed to 382 nm radiation alone showed little or no pigmen-
tation. The results suggest that IPD induced under these cir-
cumstances did not provide significant photoprotection against 
the erythemogenic effect of UVB, nor did it increase the sus-
ceptibility to UVB. 
DISCUSSION 
This study confirms that, although melanin absorbs both UV 
and visible radiation effectively, increased visibility of pigmen-
tation does not necessarily denote greater protection against 
UV-induced damage. Pigmentation is perceived because re-
mittance of incident visible radiation from the skin is decreased. 
Most remittance of visible wavelengths, and hence our percep-
tion of skin color, results from backscattering of incident radia-
tion by the dermis. Epidermal melanin may absorb photons 
either when entering the skin or after backscattering from 
deeper layers. In either instance, visible remittance will be 
decreased and skin will appear less white. 
For melanin to form an effective barrier against UV -induced 
damage, its location is important, since radiation must be 
absorbed by melanin instead of by a chromophore which when 
photochemically altered would lead to skin damage. Since the 
fraction of radiation which traverses the stratum corneum and 
epidermis, enters the dermis, and is backscattered is far gre'ater 
for visible than for UV radiation , it is predictable that a more 
absorbant epidermal melanin layer will have a greater effect 
upon remittance of visible radiation from the dermis than upon 
UV -induced damage to an epidermal target. This is particularly 
true if most melanin is located in the basal layer, which appears 
to be the case in the IPD reaction . Epidermal melanin is 
oxidized or redistributed within the keratinocytes [3-5], with 
the most heavily melanized keratinocytes lying in the basal 
layer. Other studies have shown that a de:ep delayed tan induced 
by UV A radiation resulted in increased melanization of the 
basal layer, but conferred little protection against UVB ery-
thema, presumably because of the deep location [6]. 
Willis et al [7] observed that prior UV A exposure increased 
the cutaneous response to UVB rather than protected against 
it. The cumulative erythemogenic effects of exposure to differ-
ent wavebands, observed by other groups [8,9] could account 
for this. Such effects could conceal a photoprotective aspect of 
IPD. Therefore, in the present study, we selected a long wave-
length within the UVA region that is effective in producing 
IPD, but is comparatively nonerythemogenic. We have previ-
ously shown that the mean MED at this wavelength, in indi-
viduals of skin types III and IV, is in excess of 374 J/cm2 [10] . 
The dose used in this study (40 J/cm2) is therefore less than 
40/374 = 0.1 x MED. We confirmed that the UVA contribution 
to the observed erythema response was not detectable, since 
MEDs in the 2 sets of control sites (UVB alone, and UVB 
followed by UV A exposure) did not differ significantly from 
each other. 
TABLE II. UVB MEDs (mJ/cm 2) in. skin sites exposed to UVB 
immediately before (site 1), immediately after (site 2) or 3 h after IPD 
induction (s ite 3) (s ite 4 received UVB only) 
Site I Site 2 Site 3 Site 4 Skin Sub- UVB 3 h 
type ject UVB before UVB immediately after UVB only lPD after lPD lPD 
III/ 59.6 93. 1 93.1 74.5 
IV 
II/ III 2 93.1 93.1 93.1 59.6 
III 3 145.5 145.5 181.9 93.1 
Ill 4 74.5 59.6 74.5 74.5 
II/ III 5 74.5 59.6 59.6 47.7 
IV 6 74.2 74.2 89.0 74.2 
II/ III 7 51.5 61.8 74.2 51.5 
III 8 74.2 74.2 51.5 74.2 
II 9 61.8 61.8 51.5 42.9 
III/ 10 89.0 89.0 153.8 128.1 
IV 
IV 11 128.1 128. 1 106.8 106.8 
Mean 84.2 85.5 93.5 75.2 
± SD ± 28.9 ± 28.7 ± 41.3 ± 25.9 
We observed no evidence for photorecovery under the con-
dition of our experiment. This term describes the phenomenon 
of an increased UVB erythema dose threshold resulting from 
exposure of skin to longer-wavelength UV or visible light 
immediately after UVB exposure [11) . 
The significance of the IPD reaction remains unknown. 
Altered melanosomes may act more efficiently as quenchers of 
free radicals. In this way, IPD might play a protective role 
against forms of damage other than erythema. In a single 
experiment, we were unable to demonstrate any reduction in 
UVB-induced pyrimidine dimer formation resulting from the 
prior induction of IPD [12) . An increase in the optical barrier 
in the basal layer could, perhaps, protect the dermis against 
radiation. 
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